An study has here been made on examining the degree of randomness of the four tables of random numbers due to Tippet, Fisher & Yates, Kendall & Smith and Rand Corporation respectively. Frequency test (based on Chi-square statistic) has been applied in examining the randomness of the four tables. This paper describes the testing of randomness of the four random numbers tables and a comparison of the degree of randomness of them.
Introduction
Drawing of random sample has been found to be the vital or basic work in every branch of experimental sciences. The scientific method of selecting a random sample consists of the use of random number table. Several tables of random numbers have already been constructed by the renowned researchers. Some of them are (in chronological order) due to Tippett (1927) , Mahalanobis (1934) , Kendall & Smith (1938 , 1939 , Fisher & Yates (1938) , Hald (1952) , Royo & Ferrer (1954) , Rand Corporation (1955) , Quenouille (1959) , Moses & Oakford (1963) , Rao, Mitra & Matthai (1966) , Snedecor and Cochran (1967) , Rohlf & Sokal (1969) , Manfred (1971) , Hill & Hill (1977) etc. Among these tables, the four tables namely (1) Tippett's Random Numbers (Rand Corporation, 1955) . are widely used in drawing of simple random sample (with or without replacement) from a population.
Fisher & Yates obtained the random numbers from the 10 th to 19 th digits of A.S. Thompson's 20-figure logarithmic tables. In choosing from those digits, an element of randomness was introduced by using playing cards for the selection of half pages of the tables and of a column between 10 digits to the 50th place in a block. In this case, the question arises whether the method applied in selecting the numbers has made the numbers random. This creates the necessity of determining the degree of randomness of the random numbers table constructed by Fisher and Yates. Similarly, there is necessity of examining the degree of randomness of the other tables of random numbers. A examining the degree of randomness of the four tables of random numbers due to Tippet, Fisher & Yates, Kendall & Smith and Rand Corporation respectively. Frequency test (based on Chi-square statistic) has been applied in examining the randomness of the four tables. This paper describes the testing of randomness of the four random numbers tables and a compa
The Test Statistic Used
Pearson's chi-square test { Greenwood & Nikulin (1996) , Chernoff used to test the goodness of fit. A test of observed frequency distribution differs from a theoretical distribution. The procedure of the test includes the following steps:
1. Calculate the chi-square test statistic of squared deviations between observ 2. Determine the degrees of freedom number of categories reduced by the number of parameters of the fitted distribution. 3. Select a desired level of confidence (significance level, for the result of the test.
4.
Compare to the critical value from the of freedom and the selected confidence level (one one direction, i.e. is the test value greater than the critical many cases gives a good approximation of the distribution of 5. Accept or reject the null hypothesis th different from the theoretical distribution based on whether the test statistic exceeds the critical value of of , the null hypothesis ( distributions) can be rejected with the selected level of confidence and the alternative hypothesis (H 1 : there is a difference between the distributions) can be accepted.
The chi-square test, when used with the standard square distribution is applicable, has the following assumptions:
Assumption -1 (Simple random sample fixed distribution or population where every collection of members of the the given sample size has an equal probability of selection. Variants of the test have been developed for complex samples, such as where the data are Journal of Reliability and Statistical Studies, June 2017, Vol. 10 (1) pages of the tables and of a column between 10 th to 19 th and finally for allotting these o the 50th place in a block. In this case, the question arises whether the method applied in selecting the numbers has made the numbers random. This creates the necessity of determining the degree of randomness of the random numbers , which resembles a normalized sum of squared deviations between observed and theoretical frequencies.
degrees of freedom of that statistic, which is essentially the number of categories reduced by the number of parameters of the fitted Select a desired level of confidence (significance level, p-value or alpha level) to the critical value from the chi-square distribution with degrees dom and the selected confidence level (one-sided since the test is only one direction, i.e. is the test value greater than the critical value), which in many cases gives a good approximation of the distribution of . Accept or reject the null hypothesis that the observed frequency distribution is different from the theoretical distribution based on whether the test statistic . If the test statistic exceeds the critical value , the null hypothesis (H 0 : There is no difference between the distributions) can be rejected with the selected level of confidence and the : there is a difference between the distributions) can test, when used with the standard approximation that a chidistribution is applicable, has the following assumptions:
Simple random sample): The sample data is a random sample from a fixed distribution or population where every collection of members of the population of the given sample size has an equal probability of selection. Then the χ 2 statistic for testing the null hypothesis "the occurrences of the digits in the table is random" i.e. "each digit has the probability 0.1 to occur in any position" which is equivalent to testing of the null hypothesis that "the discrepancy between the observed frequencies and the corresponding expected frequencies of the digits is insignificant" is χ 2 = ∑ which follows χ 2 distribution with 9 degrees of freedom.
This statistic can be applied to test the randomness of the whole 
Findings of the Tests

Findings in case of Fisher & Yates Random Numbers Table
The observed values of chi-square statistic obtained from Fisher & Yates Random Numbers Table have been shown in Table 5 .1. In Table- 5.1, it is observed that the highest observed value of chi-square with 9 degrees of freedom is 26.118. The theoretical value of chi-square with 9 degrees of freedom at 5% and 1% levels of significance are 16.919 and 21.666 respectively. Thus, the lack of randomness of Fisher & Yates Random Numbers Table can be regarded as significant not only at 5% level of significance but also at 1% level of significance.
However, the observed value of chi-square corresponds to its theoretical value at 0.055% level of significance. Thus, the lack of randomness of Fisher & Yates Random Numbers Table can be regarded as significant at the level of significance > 0.055% and insignificant at the level of significance < 0.055%.
Findings of the Test for Tippet's Random Numbers Table
The observed values of chi-square statistic obtained from Tippet's Random Numbers Table have been shown in Table 5 .2. In Table- 5.2, it is observed that the highest observed value of chi-square with 9 degrees of freedom is 15.814. The theoretical value of chi-square with 9 degrees of freedom at 5% level of significance is 16.919. Thus, the lack of randomness of Tippet's Random Numbers Table can be regarded as insignificant at 5% level of significance.
However, the observed value of chi-square corresponds to its theoretical value at 7.5% level of significance. Thus, the lack of randomness of Tippet's Random Numbers Table can be regarded as significant at the level of significance >7.5% and insignificant at the level of significance < 7.5%.
Findings of the Test for Kendall & Smith's Random Numbers Table
The observed values of chi-square statistic obtained from Kendall & Smith's Random Numbers Table have been shown in Table 5 .3. In Table-5 .3, it is observed that the highest observed value of chi-square with 9 degrees of freedom is 13.4 which is less than the corresponding theoretical value of chi-square at 5% level of significance. Thus, the lack of randomness of Kendall & Smith's Random Numbers Table can be regarded as insignificant at 5% level of significance.
However, the observed value of chi-square with 9 degrees of freedom namely 13.4 corresponds to the theoretical value of chi-square with 9 degrees of freedom at 18.1% level of significance. Thus, the lack of randomness of Kendall & Smith's Random Numbers Table can be regarded as significant at the level of significance >18.1% and insignificant at the level of significance < 18.1%.
Findings of the Test for Random Numbers Table due to Rand Corporation
The observed values of chi-square statistic obtained from the Random Numbers Table due to Rand Corporation have been shown in Table 5 .4. In Table- 5.4, it is observed that the highest observed value of chi-square with 9 degrees of freedom is 12.518 which is less than the corresponding theoretical value of chi-square at 5% level of significance. Thus, the lack of randomness of Random Numbers Table due to Rand Corporation can be regarded as insignificant at 5% level of significance.
However, the observed value of chi-square with 9 degrees of freedom namely 12.518 corresponds to the theoretical value of chi-square with 9 degrees of freedom at 24% level of significance. Thus, the lack of randomness of Random Numbers Table  due to Rand Corporation can be regarded as significant at the level of significance >24% and insignificant at the level of significance < 24%.
Conclusion
From the findings obtained in section 3.4, the degree of the lack of randomness is highest (in other words, the degree of randomness is lowest) in the Fisher & Yates Random Numbers Table among the four tables of random numbers examined. The four random number tables can be ranked with respect to the degree of randomness as given in Table 1 . 
Name of the Random Numbers
